HMDs, although many use head-tracking mechanisms. There are significant usability and functional trade-offs between the two approaches. While the HMD-based systems are appealing for walkthrough and entertainment applications, they do not lend themselves well to precision work and extended use. Low-resolution displays, small fields of view, and poor ergonomics hinder the current generation of HMDs-insufficient computing power, lack of good interaction techniques, and high development costs are the main reasons for this situation. To overcome these limitations, alternatives to HMD-based systems are being explored, as exemplified in the articles in this section. Independent of the application area, a common problem faced in developing quality interactive virtual environments is the lack of strong development tools. The process of developing a virtual environment involves laborious programming. Given today's technology, it is almost impossible for a non-programmer to develop a good virtual environment. This problem is addressed in "A Geometric Modeling and Animation System for Virtual Reality," by Green and Halliday and in Deering's "The HoloSketch VR Sketching System," through the use of interactive, visual tools to expedite the development of virtual environments. In addition to constructing the visual appearance of virtual objects, the way the objects respond to user interactions is an important part of virtual environments. This is often developed by writing programs in common programming languages or special-purpose scripting languages. For a non-programmer, these languages are not easily usable. Deering, and Green and Halliday, have developed visual techniques for non-programmers to specify behaviors of virtual world objects. Deering's system allows the user to create virtual worlds by freehand sketching and features sub-centimeter tracker accuracy. D ESPITE being a nascent technology, VR has found enthusiastic users in several areas. The visualization of scientific and simulation data is one such area where the effectiveness of VR is clearly evident. By mapping high-volume, multidimensional data into meaningful displays and by enabling interaction with these displays, VR empowers users to see and analyze things too small, too abstract, and too complicated to be otherwise perceived by the human sensory system. Bryson's article "Virtual Reality in Scientific Visualization" explores the use of VR for scientific visualization and discusses the limitations of existing technology. In "Virtual Reality for Driving Simulation," authors Bayarri, Fernandez and Perez discuss the use of VR to visualize the simulation of complex urban driving environments.
In the past, VR has sometimes been disparaged as "a solution in search of a problem," but this perception is changing rapidly as more and more successful applications are developed. While the entertainment industry is helping to increase the general awareness of VR, improvements in the design of interaction and display devices, user interfaces, development tools and applications will be necessary before VR will become pervasive. The articles in this section represent significant steps toward these goals. C
